Abstract
Introduction

43
Social phobia is a chronic, disabling disorder, characterised by intense fear of negative evaluation by 44 others, that affects between 7 and 13% of Western populations (Furmark, 2002) . Adults and children 45 with high levels of social anxiety have been shown to evidence distinctive patterns of responding to 46 negative emotional faces (e.g. Bögels & Mansell, 2004; Garner, 2010) . It remains unclear, however, 47 whether responses to social emotional information have a specific role in the aetiology of social anxiety. 48 Tentative support comes from our previous report of responses to emotional faces amongst 10 week old 49 infants of mothers with social phobia. We found that, whereas 10 week old infants of non-anxious 50 mothers showed increased initial orientation and overall looking to high, versus low, fear faces, infants of 51 mothers with social phobia showed the reverse pattern (Creswell et al., 2008) . The purpose of this study 52 is to extend these findings to address the following questions: (i) is this pattern of responding to 53 emotional faces specific to infant offspring of mothers with social phobia, in comparison to offspring of 54 mothers with another anxiety disorder (here, Generalised Anxiety Disorder (GAD)), and (ii) is infant 55 response style to emotional faces associated with later anxiety symptoms, assessed here at 2 years of 56 age. 57
Responses to emotional expressions: role in the development of anxiety
58
A number of studies have demonstrated that socially anxious individuals show distinctive attentional 59 responses to emotional faces (e.g. Bögels & Mansell, 2004) , which appear to reflect a heightened 60 sensitivity to potentially threatening faces at early stages of processing. For example, compared to non-61 anxious controls, socially anxious adults have been found to identify angry faces at lower levels of 62 intensity (Joorman & Gotlib, 2006) . There is increasing support for the idea that this initial sensitivity, or 63 hypervigilance, is followed by avoidance, which is viewed as an attempt to reduce discomfort associated 64 with the stressful stimuli (e.g. Mogg, Bradley, de Bono, & Painter, 1997). In turn, this avoidance leads to 65 heightened potentiation of the fear response and reduced habituation, thereby maintaining the fear 66 response . 67
There is a well established familial basis to the development of social phobia (e.g. Lieb Responses to Emotional Expressions.
217
Infants were assessed in university rooms at 10 weeks of age. Infants sat on the experimenter's lap (E1), 218
facing a grey translucent screen within a curtained-booth with low-lighting. The mother and a second 219 experimenter (E2) sat on the other side of the curtains, out of the infant's view. Stimuli (60cm × 76 cm) 220
were displayed in pairs about 5 cm apart on a grey background to match the colour of the projection 221 screen, which was 90 cm distance from the infant. Stimuli were projected from behind the screen using a 222
Sony projector. 223
224
Figure 1: Emotional faces of varying intensity
225
Infant attention was first attracted to the screen by an image of a mobile doll. When the infant fixated on 226 the 'attractor', experimenter E1 pressed a button to notify E2 to start the first trial. Each stimulus pair was 227 presented for 10 seconds. Trials were continued until all stimulus pairs had been presented unless the 228 baby became fractious or fell asleep, in which case the trial was ended prematurely (and data from that 229 set of emotional expressions was not included in analyses). An infra-red video camera was mounted 230 above the projection screen to film the infants' responses. A second camera was mounted behind the 231 screen and recorded the projected images, for verification purposes. Friesen (1976) series, and morphed images interpolated between the prototype expression and its 237 corresponding neutral. So, for example, the neutral face in the Ekman and Friesen series was taken to 238 represent 0% anger, and then 25%, 50%, and 75% angry morphs were created by interpolating between 239 the neutral (0% angry) and the prototype angry (100%) expressions. A different female model was used 240 for each continuum; the stimuli are shown in Figure 1 . The faces from the Ekman and Friesen (1976) 241 series used to create these continua were as follows: anger (neutral NR-1-03, anger NR-2-07), fear 242
(neutral MO-1-05, fear MO-1-23). Hairstyles and picture backgrounds were masked, so that all 243 differences between stimuli were only emotion-relevant. 244
Twenty-four face pairs were shown. Within each, one face was shown at 50% intensity and the other 245
showed varying intensities of the same emotion, either anger or fear (8 pairs including each emotion 246 type; 8 pairs of happy faces were also presented but are not considered here). In this way, the standard 247 (50%) face could be of higher or lower emotional intensity than the comparison face. The order of 248 emotion type was counterbalanced across participants and visits. Each face pair was presented for 10 249 seconds, and the same attractor was shown at the start of each trial. The duration of infant looking to 250 each stimulus type within each trial was recorded (i.e. scorers measured duration of looks to the right 251 face, left face, or neither face, using a button box) by scorers who observed infant behaviours on video-252 tape and were trained to a high level of reliability on a sample of 36 videotapes (ICC = .97). From these 253 data we extracted overall looking times to the different stimuli within each trial, which stimuli the infant 254 looked to first, the length of the first look and the number of looks to each stimulus. 255
Measures
256
Adjustment at 2 years of age. 
258
The CBCL for ages 1 ½ to 5 years was completed by mothers when their offspring were 24 months of 259 age. The CBCL is a widely used instrument composed of 100 items used to assess social and emotional 260 adjustment in youth. The reliability and validity of this measure has been established (e.g. Achenbach, 261 1991). We examined the following subscales: withdrawn, DSM anxiety problems, and sleep problems. 262
The 'withdrawn' scale consists of 8 items (e.g. 'withdrawn, doesn't get involved with others' and 'avoids 263 eye contact'). The DSM anxiety problems scale consists of 10 items (e.g. 'Too fearful or anxious' and 264 'Nervous, 'high-strung', or tense'). responses and gender were first explored; none were significant, so gender was not considered further. 273
In previous studies the side of stimulus presentation has been found to be important, with responses to 274 emotional faces presented on the right side being more pronounced (e.g. Mogg & Bradley, 1999; 2002 In accordance with this, we found that responses to the left and right side typically did not correlate 276 sufficiently highly to combine them (r = .06 to .73); therefore responses to target faces presented on the 277 right and left were analysed separately. Participants were included if they provided data for all 8 trials 278 within a particular emotion type, i.e. oriented to the attractor at the outset of each trial and remained 279 sitting in front of the stimuli (even if looking away) until the final stimulus was presented. Looking 280 responses to high and low intensity faces conformed to assumptions of parametric tests so comparisons 281 between the pure social phobia and control groups were conducted using repeated measures analysis of 282 variance with proportionate looking times to high and low intensity faces (i.e. time spent looking at the 283 high intensity face vs. the 50% comparator; or time spent looking at the low intensity face vs. the 50% 284 comparator )as the within and group as the between subjects factor. We then repeated these analyses, 285
including the GAD group, with repeated measures ANOVA to address issues of specificity. Where 286 significant group differences were found we, first, assessed the pattern of looking responses in more 287 detail to explore whether differences were consistent with the hypervigilance-avoidance hypothesis using 288 repeated measures analysis of variance for continuous looking responses (i.e. length of first look and 289 number of looks) with looking response as the within-subjects factor and group as the between subjects 290 factor, and chi-square test to examine associations between group and categorical looking responses 291 (i.e. where the infant looked first). 292
Second, we assessed the association between looking responses and outcomes at two years. As 293 outcome data were skewed and were not amenable to transformation, data were dichotomised, using a 294 median split (as this represented a clear cut off point in the data), and binary logistic regression was 295 used to investigate the main effects of group and looking times, and their interaction, in predicting 2 year 296 outcomes. Participant numbers across trials varied due to fatigue/distress or side bias, and therefore 297 separate analyses were conducted to avoid significant data loss. 298
Results
299
For between group comparisons, effect sizes have been reported as Pearson's correlation coefficient r. 300 χ²(2) = 9.45, p = .01
As shown in Table 1 , the three study groups were similar in terms of infant sex, maternal age, 302 socioeconomic status and marital status, and the distribution of infant gender. The groups did differ on a 303 broad index of ethnicity, reflecting a larger number of non-white families amongst the GAD group. 304
Nonetheless this reflected a relatively small number of non-white families in the GAD group (n = 6). 305
1. Replication of previous findings with a pure social phobia group 306
Initial analyses included only the social phobia and non-anxious control groups, in order to directly 307 replicate the analyses conducted in our previous paper (Creswell et al., 2008) , but restricting the sample 308 to only include offspring of mothers with pure social phobia (i.e. not comorbid with GAD as in our 309
Journal of Experimental Psychopathology, Draft In Press 1-18 9 previous paper). Responses to emotional expressions were first assessed based on the proportion of 310 time spent looking at the target vs. the 50% expression. No group differences were found in the 311 proportion of time spent looking at the target expression for fearful or angry faces, presented to either 312 side (See Table 2 ). As we were particularly interested in infants' differential responses to varying 313 intensity emotions, repeated measures analyses were conducted to compare responses to 50% 314 morphed expressions with those to high (75% and 100%) versus low intensity (0% and 25%) 315 expressions. 316 For fearful faces, the between subjects effect of group was not significant; however, the within subjects 321 effect of intensity approached significance when the target stimulus was presented on the right, F(1, 62) 322 = 3.11, p = .08, r = .22 and there was a significant interaction effect of intensity × group, F(1, 62) = 4.51, 323 p = .04, r = .26, see Figure 2 . Post-hoc analyses confirmed a pattern of reduced looking to high vs. low 324 intensity fearful faces among infants of mothers with social phobia, t(27) = 2.88, p = .01, but not control 325 infants, t(35) = .25, p = .80. This reflected a greater difference in looking to high vs. low fear faces in the 326 social phobia group (looking to high-low fear faces: SP mean = 0.26 (.47), control mean = 0.02 (.56), 327 t(52) = 2.12, p = .04). Neither the main effect of intensity, F(1, 57) = .14, p = .62, nor the interaction with 328 group, F(1, 57) = .31, p = .58 were significant when the target stimulus was presented on the left, 329 although the pattern of results was the same. 330
For angry faces, there was no significant between subjects effect of group or within subjects effect of 331 intensity when the target stimulus was presented on either side; however, there was a significant 332 interaction between intensity and group (SP vs. control) when the target was presented on the right, 
Specificity of the findings in comparison to infants of mothers with GAD 359
Next, we were interested to determine to what extent the infant responses to emotional faces that 360 discriminated infants in the social phobia and control groups, were specific to offspring of mothers with 361 social phobia in comparison to offspring of GAD mothers. As above, the variables of interest were (i) the 362 difference in looking time proportions to high and low intensity faces (proportion of time looking to high 363 intensity -proportion of time looking to low intensity faces), and (ii) location of first looks (target vs. 364 control); and for fearful faces (iii) the difference in looking time proportions to high and low intensity faces 365 (proportion of time looking to high intensity -proportion of time looking to low intensity faces); all of which 366 when presented on the right side. 367
When all three groups were considered, the main effects of intensity, the group and the group-intensity 368 interaction were no longer significant for fear faces, however, the pattern of results suggest that the GAD 369 group showed a less marked reduction in looking to high intensity fear faces than the social phobia 370 group, and they appear to more closely resemble the pattern of the control group (see Figure 2) . 371
For angry faces, the between subjects effect of group was not significant, F(2, 115) = 1.91, p = .15, but 372 there was a significant effect of intensity, representing higher overall looking times to high intensity angry 373 faces, F(1, 115) = 4.65, p = .03, r = .20). The group × intensity interaction approached significance, F(2, 374 115) = 2.49, p = .09, r = .13, however this appeared to reflect the significant interaction when the social 375 phobia and control groups were considered, as the interaction was not significant when analysed with 376 either the social phobia, F(1,70) = .41, p = .53, or the control groups, F(1,84) = 2.38, p = .13, r = .17. As 377 shown in Figure 3 , both infants of mothers with GAD and those of mothers with social phobia showed 378 increased looking to high intensity angry faces, whereas infants of control mothers looked slightly less to 379 high intensity than low intensity faces. Post-hoc analyses confirmed that the interaction was significant 380 when only the social phobia and control groups were included, but not with the social phobia and GAD 381 groups, F(1, 70) = .41, p = .53, or the GAD and control groups, F(1, 84) = 2.38, p = .13, r = .17. As 382 shown in Figure 3 , the group difference appeared to be most marked for high intensity angry faces; 383 therefore, follow-up analyses were conducted to explore this further. There was a significant group effect 384 for the proportion of time spent looking at the high intensity angry faces presented on the right, F(2, 118) 385 = 3.41, p = .04, r = .17. Post-hoc t-tests confirmed that this reflected increased looking to high intensity 386 angry faces by both the social phobia group, t(79) = 2.05, p = .04, r = .22 and GAD group, t(84) = 2.51, p 387 = .01, r = .26, in comparison to the control group, and no significance difference between the social 388 phobia and GAD groups, t(73) = .26, p =. 80. 389 A significant difference was found for the location of the first look compared across groups, χ²(2) = 9.49, 390 p = .01. This represented an increased rate of looking first to the high intensity angry face (vs. the 391 control) for infants of non-anxious (94%) followed by GAD (83%) and finally socially phobic (64%) 392 mothers. Post-hoc analyses showed that this represented significant difference between the social 393 phobia and control groups (χ²(1) = 9.25, p < .01), and a trend difference between the GAD and social 394 phobia groups, χ²(1) = 2.97, p =.09, but no significant difference between the GAD and control groups 395 χ²(1) = 2.25, p = .13.
3. Associations with outcomes at 2 years 397
To explore associations between looking responses to emotional faces at 10 weeks and outcomes at 2 398 years, we focused on those variables that had been identified as distinguishing between infant groups, 399
i.e. for fearful faces, (i) the difference between looking times to high and low intensity faces; and for 400 angry faces, (ii) the difference between looking times to high and low intensity faces, (iii) looking times to 401 high intensity faces, and (iv) location of first looks (target vs. control) when presented on the right side. 402
As few children scored above borderline/clinical cut-offs (i.e. anxiety problems 4.3%; withdrawn 1.2 %; 403 sleep problems 4.3%), CBCL variable scores were dichotomised on the basis of frequency distributions 404 (which led to data being split at the median in all cases). 405
Logistic regression analyses were conducted, with dichotomised CBCL scores as the dependent 406 variables, and group, looking response (i.e. the four looking response variables outlined above) and their 407 interaction as the predictor variables. For CBCL anxiety problems, none of the main effects of group or 408 looking responses were significant, however, there was a significant effect of the interaction between 409 (social phobia) group and difference in looking time to high and low intensity fear faces, exp(B) = 14.28, 410 p = .04, see Table 3 . To probe the interaction, the binary logistic regression was run to examine the 411 effects of group when the difference in looking to high and low intensity fear faces was set (at the mean 412 plus one standard deviation above and one standard deviation below the mean). This confirmed a 413 significant effect of social phobia group when the difference score was high, exp(B) = 7.39, p = .05. The 414 effect of GAD group when the difference score was high approached significance, exp(B) = 4.68, p = .06. 415
Group effects were not significant when the difference score was low. 416 hereditary risk of social phobia (Creswell et al., 2008) . This study set out to evaluate whether these 428 patterns are specific to infants at risk of social phobia, in comparison to infants at more general risk of 429 anxiety problems (i.e. infants of mothers with GAD), and to identify whether early responses to emotional 430 expressions are associated with emerging anxiety symptoms assessed at two years of age. 431
As the current study limited the index group of participants to infants of mothers with pure social phobia 432 (i.e. not those with comorbid GAD), we first set out to establish whether the findings from our previous 433 report were maintained with this restricted group (Creswell et al., 2008) . The results were partially 434 replicated. As before, there were no group differences in overall looking times to particular stimuli, 435 however groups did differ in their relative looking to high and low intensity stimuli (each presented 436 alongside a 50% intensity expression), when target stimuli were presented on the right side. As before, 437
we found a significant interaction between maternal group and emotional intensity for fear faces, 438 reflecting less relative looking time to high intensity faces among infants of mothers with social phobia 439 compared to non-anxious mothers. In other words, infants of socially phobic mothers preferred the 50% 440 control expression to the high intensity stimulus, but preferred the low intensity face to the 50% control 441 expression; thus, infants of mothers with social phobia showed a preference in all cases for the lower 442 intensity fear expression of the pair. For infants of control mothers, however, there was no significant 443 evidence for a preference. In our previous report we noted that, for fearful faces, infants of socially 444 phobic mothers looked less frequently to the target stimulus first, however, this was not significant with 445 than in our previous report, which suggests that the effect may have been substantially influenced by the 447 inclusion of comorbid cases previously, rather than the difference arising as a function of sample size. 448
In our previous paper we did not find any significant results in relation to angry faces; however, with the 449 current pure social phobia group, we did find a significant interaction between group and emotional 450 intensity (again when the target as presented on the right side). For angry faces, we saw the reverse 451 pattern from fear faces, i.e. infants of socially phobic mothers looked relatively more to high intensity 452 faces, whereas infants of non-anxious mothers looked relatively more to low intensity faces. In other 453 words, infants of socially phobic mothers showed a preference for the higher intensity face in each face 454 pair (when presented with a high intensity face next to a 50% face they would show more looking to the 455 high intensity face, and when presented with a low intensity face next to a 50% face they would show 456 more looking to the 50% face). The infants of the non-anxious mothers showed the reverse pattern. In 457 terms of initial looking, the index infants were more likely to look first to the 50% expression than the 458 control group, but there were no differences in the length of the first look or number of looks overall to 459 each stimulus. Overall, the findings for neither fear nor angry faces are consistent with a pattern of 460 hypervigilance-avoidance for threat, however, overall, infants of mothers with social phobia appear to 461 attend preferentially away from higher intensity fear faces, and towards higher intensity angry faces. 462
When infants of mothers with GAD were also considered, the interaction between group and emotional 463 intensity for fear faces was no longer significant, which most probably reflected the loss of power from 464 the inclusion of a third group. For angry faces, however, the social phobia and GAD groups displayed a 465 similar pattern of responding, in which both looked more to high intensity angry faces, in comparison to 466 the control infants. When high intensity faces were presented alongside the 50% control, infants of non-467 anxious mothers were significantly more likely to look to the target first in comparison to the social 468 phobia and GAD groups, suggesting that the increased overall looking to high intensity faces seen 469 amongst the anxiety groups was not based on early hypervigilance to the high intensity face. 470
The pattern of results is consistent with the conclusion that risk for social anxiety may be associated with 471 avoidance of fearful faces; whereas risk for anxiety generally is associated with a vigilance towards 472 angry faces. This conclusion is consistent with previous findings in a community population that indicated 473 that social anxiety symptoms are associated with reduced attention to fearful faces (Stirling et In terms of associations with children's anxiety-related symptoms at two years of age, we considered 484 symptoms of social-withdrawal, general anxiety, and also sleep problems. Findings were strongest in 485 relation to general anxiety problems. Specifically, risk for problems was increased if infants of mothers 486 with social phobia displayed higher relative looking times to high (vs. low) intensity fear faces at 10 487 weeks. In other words, when infants of socially anxious mothers showed a preference for low intensity 488 fear faces this was associated with a better outcome at two years, than when they showed a preference 489 for high intensity fear faces. We did not find any significant main or interaction effects in relation to sleep 490 problems at two years. Whilst conclusions must remain tentative, this may reflect these particular 491 problems being more a response to environmental factors (e.g. care practices) than endogenous factors. 492
The interactive effects of infant looking response and maternal group are intriguing. While infants of 493 mothers with social phobia are more likely to show reduced looking to fearful faces, those that do not 494
show this pattern appear to be at increased risk of anxiety symptoms at two years of age. Any 495 conclusions must remain tentative and the results require replication, however one possible explanation 496 is that a tendency for infants to prefer fear faces may elicit particular responses from anxious (but not 497 non-anxious) mothers. For example, anxious mothers may respond to infant interest in fear faces, and 498 related stimuli, with reduced levels of social encouragement, which may lead to increases in infant 499 anxiety as the child develops social understanding through social referencing processes in the period 500 between our two assessment points (e.g. Murray et al., 2008) . Future studies would benefit from the 501 inclusion of measures to test and power to test these transactional processes. 502
It is important to note that, for infant responses to emotional expressions, the side of presentation of the 503 index face was important and the interaction effects of group and intensity of fearful and angry 504 expressions were most pronounced for presentations on the right. Our results are consistent with those 505 of other studies with adults (Mogg & Bradley, 1999 , 2002 , suggesting that lateralised brain mechanisms 506 may play a critical role in the processing of face stimuli (Morris, Ohman, & Dolan, 1998). Conclusions 507 with regards the specificity of findings to stimuli presented on the right must, however, remain tentative. 508
There are various reasons to consider our results with caution. In particular, significant results reflect 509 modest effects sizes and, as such, maternal group appears to explain a relatively small proportion of the 510 variance in children's responses to emotional expressions. Due to the novelty of the approach, we did 511 not want to be overly conservative in an attempt to reduce Type 1 error, however, it must be 512 acknowledged that a relatively large number of univariate tests were conducted. As young infants can be 513 expected to frequently become fatigued or unsettled, the number of trials that we administered was low 514 (e.g. two high intensity faces of each emotion type on each side of presentation). Even so, there were a 515 substantial number of infants with incomplete trials, which limited the use of multivariate analyses and 516 restricted the power of the study, which may have led to Type 2 error. Second, our assessment of child 517 adjustment was based on maternal report. While the CBCL is a widely used measure with established 518 reliability, maternal reports may be influenced by levels of maternal anxiety (Briggs-Gowan, Carter, & 519 Schwab-Stoar, 1996) . In addition, it is important to note that while differences were found in relation to 520 CBCL outcomes, very few children scored within the borderline or abnormal ranges, and as such 521 differences reflected relatively small differences in nonclinical symptom levels. Finally, the current study 522
is 
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